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Introduction 
 
The San Francisco Bay Conservation and Development Commission (BCDC), in continued partnership with the San 
Francisco Bay Long Term Management Strategies (LTMS) Agencies, is undertaking the development of a Regional 
Sediment Management Plan for the San Francisco Bay estuary and its watershed (estuary). Regional sediment 
management (RSM) is the integrated management of littoral, estuarine, and riverine sediments to achieve balanced 
and sustainable solutions to sediment related needs. Regional sediment management recognizes sediment as a 
resource. Sediment processes are important components of coastal and riverine systems that are integral to 
environmental and economic vitality. It relies on the context of the sediment system and forecasting the long-range 
effects of management actions when making local project decisions.  
 
In the San Francisco Bay estuary, the sediment system includes the Sacramento and San Joaquin delta, the bay, its 
local tributaries and the near shore coastal littoral cell. Sediment flows from the top of the watershed, much like 
water, to the coast, passing through rivers, marshes, and embayments on its way to the ocean. Like water, sediment 
is vital to these habitats and their inhabitants, providing nutrients and the building material for the habitat itself. 
When sediment erodes excessively or is impounded behind structures, the sediment system becomes imbalanced, 
and rivers become clogged or conversely, shorelines, wetlands and subtidal habitats erode. The sediment system 
continues to change in response both to natural processes and human activities such as climate change and shoreline 
development. Human activities that influence the sediment system include flood protection programs, watershed 
management, navigational dredging, aggregate mining, shoreline development, terrestrial, riverine, wetland, and 
subtidal habitat restoration, and beach nourishment.   
 
As observed by recent scientific analysis, the San Francisco Bay estuary system is changing from one that was 
sediment rich to one that is erosional. Such changes, in conjunction with increasing sea level rise due to climate 
change, require that the estuary sediment and sediment transport system be managed as a single unit. To better 
manage the system, its components, and human uses of the system, additional research and knowledge of the system 
is needed. Fortunately, new sediment science and modeling tools provide opportunities for a vastly improved 
understanding of the sediment system, predictive capabilities and analysis of potential individual and cumulative 
impacts of projects. As science informs management decisions, human activities and management strategies may 
need to be modified to protect and provide for existing and future infrastructure and ecosystem needs.  
 
Implications for Coastal Management 
 
Our bays, estuaries, and coastal lagoons are ecologically, economically and recreationally important to California, as 
these are the major transition zones between land-based fresh water resources and the sea. Freshwater originating 
from as far away as the Sierra Nevada and the Cascade Ranges in Oregon mixes with saltwater from the Pacific 
Ocean, and in the process, creates some of the state’s most unique and sensitive habitats. Resource protection issues 
in these waters involve management of wetlands, subtidal habitats, water quality, and mineral resources. Uses in 
these waters range from ports, ferry transportation systems, parks, restaurants, reserves, and coastal-dependent 
industries. Issues include concerns regarding dredging and fill operations, protection of coastal-dependent uses, 
restoration of threatened habitats, water quality, and other impacts from development. 
 
Sediment dynamics in San Francisco Bay control many estuarine processes, such as the development, sustainability, 
and locations of beaches, tidal flats and marshes, habitat variability, and the productivity of the Bay waters. The flux 
of sediments within San Francisco Bay and its nearshore environment controls areas of erosion and accretion and the 
creation of important bay habitats but are not well understood. While the bay likely contributes more sediment to the 
coastal zone than other rivers systems in California, the actual volume, residence time and pathways of this sediment 
is largely still unknown. In recent studies, United States Geological Survey (USGS) scientists found that the San 
Francisco Bay may be becoming more erosional and as a result, may be experiencing widespread impacts, such as 
shoreline erosion and marsh degradation within the bay and is also possibly contributing to erosion along the outer 
 coast. Climate change, with the corresponding sea level rise and changes in precipitation and storm surge, will 
exacerbate existing erosion issues and potentially create new ones.  
 
San Francisco Bay is a largely turbid and shallow (average depth is eighteen feet) system with areas of deep-water 
sandy shoals that feed coastal beaches both inside the estuary and along the outer coast. The system’s sediment 
dynamics control many estuarine processes, such as locations of beaches, tidal flats and marshes, habitat variability, 
and the productivity of Bay waters. The net flux of sediments into and out of discrete portions of the Bay determines 
whether erosion or accretion occurs, and creates features such as shorelines, shoals and channels, and specific 
habitat environments such as fine-grained or sandy bottoms. High concentrations of suspended sediment can reduce 
light penetration and lower biological productivity, but can also help prevent harmful blooms of algae. An adequate 
supply of sediment is needed to maintain the dynamic equilibria of beaches, wetlands, and tidal flats within the bay 
system, while excessive volumes of sediments can silt in channels and reduce open water habitats. An understanding 
of sediment dynamics is particularly important to predicting the impact of sea level rise and global climate change 
on the bay. Sediments can feed tidal flats and wetlands to maintain their elevation in the tidal frame while 
minimizing erosion and inundation. Decreases in local or regional sediment supply can exacerbate erosion and 
inundation. 
 
Large volumes of sediment are moved through the system during heavy storms, but during drought periods, little 
sediment is transported. The state water project has permanently changed the system and much sediment that would 
make its way to the estuary and coast is impounded behind numerous dams. The proposed peripheral canal or other 
modifications to the state and federal water systems located upstream of the bay may further, change sediment 
transport and dispersion patterns in the bay. As a result of these and other anthropomorphic changes, there is less 
sediment coming into the estuary since Europeans arrived on the scene. 
 
Currently, an annual average of three million cubic yards of sediment is dredged from the bay bottom, and two 
million cubic yards of sand mining is authorized on an annual basis. Most of the sediment dredged to maintain 
navigation is beneficially reused for wetland restoration, placed at dispersive in-bay disposal sites, or disposed of at 
a deep ocean disposal site. Sediments that are beneficially reused at wetland sites remain in the sediment system as 
part of wetlands and mudflats along the bay margin. The sediment that is disposed of at the deep ocean site is lost to 
the estuary and near-shore coastal system. Similarly, sand mining operations permanently remove sand from the 
system and use it for concrete, asphalt, and other construction needs.  
 
Large restoration projects in both the North and South Bays are opening diked areas to tidal action that have not 
been part of the system in over one hundred years. These diked baylands are subsided and, therefore, require 
deposition of suspended sediments from the bay to raise substrate elevations to restore tidal marshes. Sediment that 
is deposited in the restored marshes will come from the estuary, either from its suspended sediment load, scavenged 
from the mudflats or subtidal areas in an effort to reach equilibrium. In the event that the system cannot supply 
enough sediment to reach marsh plain elevations, these restoration sites may remain largely tidal mudflats or 
subtidal habitat.  
 
Watersheds transport not only water but also sediments from the terrestrial landscape down to the estuary. Healthy 
creeks and rivers have stable shorelines and are not choked with elevated levels of sediment. While sediments from 
upland development should not find their way into creeks, efforts need to focus on maintaining natural sediment 
flows. Similarly, floodwaters carry sediment, often in large pulses through the estuary. Since the 1950’s many of the 
local tributaries have been channelized to move storm waters quickly through the system. In addition, they are 
frequently dredged to keep these channels clear of sediments that might impede floodwaters. Consideration needs to 
be given to flood control methods that both protect local communities from flooding while providing sediment to 
wetlands and the estuary taking into account natural sediment transportation processes. This may result in 
reconfiguration of flood control channels to better manage the sediment in the system.  
 
Discussion 
 
In order to apply RSM to the San Francisco estuary, adequate data must be available on bay sediment processes to 
understand how the system functions, and geomorphic or numerical models must be sufficiently accurate to predict 
how the system will react to changes in forcing processes, such as sediment supply, sea level rise or reduced inflow 
from the delta.   
 While the San Francisco sediment science has improved in the last ten years, better information is needed on 
sediment dynamics to base a regional sediment management strategy. There is insufficient data on nearshore 
sediment processes within the estuary to understand sediment exchange between tidal flats and wetlands or along the 
outer coast to understand beach and shoreline erosion issues both inside the estuary and along the adjacent outer 
coast. Adequate measurements are not available for the sediment budget from local tributaries. The exchange of 
sediment with the ocean has not been directly measured. While numerical models of water circulation and currents 
have become increasingly sophisticated and accurate, application of these models to make reliable and validated 
estimates of sediment transport within the bay has not been accomplished. 
Specific Scientific needs include, but are not limited to:  
 Repetitious topographic and bathymetric surveys with sufficient frequency to detect and analyze 
trends and changes, including lidar and multibeam 
 Identifying and mapping subtidal estuarine habitats 
 Acquisition, storage and management of data with open access for research and coastal 
management efforts  
 Coastal modeling efforts that integrate tides, currents, salinity, wind, and fine and coarse grain 
sediment flows 
 An improved sediment budget 
 Provenance of estuary and near coast sediments 
 Models that allow managers to understand local and system-wide impacts from specific projects 
and management decisions 
 
Conclusions  
 
At this time the only conclusion that can be reached is that we likely will need to manage San Francisco Bay 
differently in the future. Work over the next few months will provide useful insight into the available science and 
technology that may answer questions that will lead to better management. In June, we will present the findings and 
information gathered at the science strategy meetings. 
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